Summary. Castrated hamsters which were transferred from long (14L:10D) to short (9L:15D) days and received testosterone-filled capsules for 1 week after transfer failed to show a significant suppression in the plasma levels of FSH and LH after capsule removal. In contrast, gonadotrophin concentrations were suppressed in hamsters in which the long-day castration response had been blocked with exogenous testosterone. After castration on long days and exposure to 10 weeks of short days pituitary gland weight and gonadotrophin content, as well as plasma FSH titres, were higher in control animals than in those that had received testosterone implants for 7 weeks of short days. The results suggest that failure of castrated hamsters to respond to the suppressive effects of short days reflects castration-induced changes in hypothalamo\p=n-\pituitary physiology rather than a neuroendocrine mechanism by which photoperiod modulates gonadotrophin secretion.
Introduction
Seasonal reproduction in the golden hamster is regulated by changes in daylength. The underlying neuroendocrine responses are particularly clearcut in males, exposure to long photoperiods (> 12-5 h of light per day) leading to increased secretion of gonadotrophins and concomitant testicular maturation, while gonadotrophin secretion is decreased and reproductive activity terminated by a return to short days (recent reviews: Reiter, 1980; Stetson & Tate-Ostroff, 1981) . How such changes are brought about is not fully understood but one proposal suggests that sensitivity of the hypothalamo-pituitary axis to the negative feedback effect of sex steroids is under photoperiodic control (review by Goodman & Karsch, 1981) . Under this scheme the relative insensitivity in long daylengths would allow a greater output of gonadotrophins than the higher degree of sensitivity in short days. There is, however, unequivocal evidence for gonodotrophin secretion being more directly controlled by photoperiod, independently of steroid feedback. For instance, when hamsters with regressed testes in short days are castrated, plasma titres of FSH and LH rise, but even higher levels are found in castrated animals in long days (see Turek, Elliott, Alvis & Menaker, 1975a; Tamarkin, Hutchison & Goldman, 1976; Ellis & Turek, 1980a serial dilutions of pituitary homogenates and plasma from intact and castrated hamsters gave curves parallel to the FSH and LH standards, and the minimum detectable concentrations were 20 and 2 ng/ml, respectively. Single assays were performed for FSH and LH for each experiment; 10 replicate assays of a plasma pool from castrated hamsters gave an intra-assay variation of 9% for FSH and 6% for LH.
Results Table 1 ). The period during which capsules were in place is indicated by the horizontal bar.
degree as in the testosterone-treated animals (P < 001 for FSH, < 005 for LH (Urbanski & Simpson, 1982) . Animals castrated on the day of transfer showed much less suppression of gonadotrophin values and were rather like those found in earlier works. This suggested that when hamsters are moved from long to short days the decrease in hypothalamo-pituitary activity might be initiated by a neuroendocrine process which is facilitated by sex steroids. This 'switch' would fail to operate in hamsters castrated before the move to short days and gonadotrophin secretion would remain elevated, but short days would duly suppress FSH and LH secretion if castration occurred under short days after the process had taken place. This hypothesis was tested in Exp. 1 by treating hamsters castrated while in long days with testosterone for the first week after transfer from long to short days. Plasma FSH and LH concentrations were suppressed during the period of steroid treatment, but after implant removal returned to levels as high as those in the group maintained in long days. This failure of brief steroid replacement to initiate short-day suppression of secretion argues against the hypothesis of a steroid-facilitated neuroendocrine 'switch'. Experiment 2 therefore tested the alternative hypothesis that the inability of hamsters castrated under long days to show a complete suppression of FSH secretion under short days is due to some alteration in the functioning of the hypothalamo-pituitary axis resulting from the long-day treatment. As in Exp. 1 some of the hamsters were castrated several weeks before transfer to short days, testosterone being given for 1 week before and after the transfer. Once again, short days did not suppress gonadotrophin secretion and levels were still very high after 13 weeks in 9L : 15D. In contrast, those hamsters that were castrated only 1 week before transfer to short days and also received testosterone implants on the same day showed an attentuated increase in plasma gonadotrophin levels after capsule removal and, more importantly, showed progressively lower levels of FSH and LH while exposed to short days. The subsequent increase in FSH after 16 weeks presumably reflects the onset of refractoriness typically seen after prolonged exposure to short days (see Turek et ., 1975b; Matt & Stetson, 1979) . This result is comparable with that observed in hamsters castrated after 1 or more weeks of exposure to short days (Urbanski & Simpson, 1982) , and complements the results of Exp. 1, suggesting that it is the level of activity of the hypothalamopituitary axis preceding the move to short days, rather than the presence or absence of testosterone during the transition, that determines the degree of responsiveness to photoperiodic change.
The suggestion that removal of sex-steroid negative feedback under long days alters the activity of the hypothalamo-pituitary axis in some way other than by simple dis-inhibition was investigated in Exp. 3. The castrated hamsters treated with testosterone for 7 weeks after transfer to short days showed only a small response to capsule removal whether or not they had previously experienced a long-day castration response. This is in constrast to the results of Exps 1 and 2 in which plasma FSH and LH increased markedly after the removal of the testosterone implants which had been in place for only 1 week of short days, suggesting that whatever alterations occur within the hypothalamopituitary axis after castration on long days, they can be reversed by a 7-week period of short days and testosterone negative feedback. This offered a possible way of investigating changes taking place after castration in long days which might mask the normal inhibitory effect of short days. As predicted from Exp. 3, the long-term castrated hamsters in Exp. 4 which had been treated with testosterone for 7 weeks of short days had relatively low levels of plasma FSH and LH when killed 3 weeks after capsule removal. In contrast, plasma FSH levels (though not those of LH) were higher in the hamsters that had received only empty capsules during the short-day exposure. This was to be expected, both from Exps 1 and 2 and from published results (see 'Introduction'). However, the hamsters with empty capsules had pituitary glands that were heavier and contained more FSH and LH than did those of the hamsters that had received testosterone and shown the greater response to short days. While castration-induced increase in pituitary gonadotrophin content has been shown previously in hamsters (Turek et al., 1975a) , the present result postively correlates this with lack of response to short days. Therefore, the failure of short days to suppress plasma gonadotrophins fully in many experiments may well have resulted from using hamsters that were castrated while in long days, the enormous castration response leading to the masking of the inhibitory effects of short days. If this is true, then the case is greatly weakened for arguing that short days suppress gonadotrophin secretion by altering sensitivity to steroid feedback. Rather, the case is strengthened for the view that the primary effect of photoperiod is a 'direct' change in the drive on the hypothalamo-pituitary axis (see also Urbanski & Follett, 1982; Urbanski & Simpson, 1982; Simpson, Follett & Ellis, 1982) . Nevertheless, these results do not prove that steroid sensitivity remains unchanged as photoperiod is altered; they only suggest that the case for invoking photoperiodically driven changes in sensitivity as a primary cause of seasonality is not as strong as has sometimes been asserted.
